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I Introduction
This report summarizes the research under contract NOOO1lk4-78-C-0147 -
during the period 1 January 1981 through 31 December 1981. Work was con-
tiﬂued in the area of energetic oxetanes. Improvements were made in the
synthesis routes to 3- tzidooxetane and 3, 3-di.itrooxetane and the latter
vas polymerized for the first time. Synthesis procedures for 3-azidooxe-
tane were adapted for scale-up, and multi-pound quantities were produced.
Work was initiated on the synthesis of polycyclic nitro compounds.

II Oxetane Chemistry

A. Discussion

3-Azidooxetane Polymerization. In the preceding report 1

preliminary studies of the polymerization of 3-azidooxetane were des-
cribed. Of particular interest was the isolation of a difunctional poly-
mer with a molecular weight of 2100 when the polymerization was catalyzed
with boron trifloride etherate. The polymer was a viscous o0il and was
stable to about 12500. These properties, as wcll as a synthesis route
potentially amenable to scale-up, prompted a morc detailed polymer study.

After a number of exploratory experiments were carried out,
conditions were found that consistently gave polymeric diols with mole-
cular weight of 3,000 to 3,0600. The reactions were carried out in meth-
ylene chloride solution at ice-bath temperature with 5 mole % of boron
trifluoride etherate as the catalyst. The product was purified by weash-
ing with sodium carbonate solution to remove the catalyst, and by a

precipitation from methylene chloride-hexane. Yields of the purified

polymer were generally 50-65%. The polymerization was scaled up to .
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the 150 g level to give a product with ¢ molecular weight of 3110. Ity-
droxyl functionality of the materiuld, detevmined by the silylation method
was 2.0,and the density was 1.330.

The difunctional nature of the polymer was confirued by con-
verting 1t to a linear polyurethane. The polymer was treated with a stoi-
chicmetric amount of 2, k-tolylencdiisocyanate in nethylene chloride witrn
ferric acetylacetonate as catalyst, and removal of solvent gave a rutbery
polymer. A sample of the diol was sent to Dr. R. Feed and !4. Chan (Naval
Weapons Center), who have carried out extensive formulation studies and
testing.

Soe further studies were made of effects of reacticn vari-
ables on the polymerization of 3J-azidooxetane wiihi ihe oLjective of fucil-
itating the preparation of multi-pound quantitics. The above conditicns
result in incomplete conversion of the monomer, and recovery of monomer is
a tedious step. Hirner catalyst levels were investigeted to aleviate this

roblem. Under purallel conditions, 5 molch of cutalyst gave a Hu-CO%
yield with a molecwlar weight of 3,000; 10 mole % gave a 50% yield of
<hCO molecular weight product; 15 moled pave en X yield of insoluble
rubber.

In oane experiment, (Fig 1) the rate «f disappearance of
3-azicooxetane was followed by gle. A break in rate was observed at €0%
reaction, corresponding with the yield of isolated polymer under these
conditions. At this point, slow evolution of gas wis observed. The nature

of this secondary reaction is unknown.
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Miviures of methylene chloride and hexane ave reculls

sizilar to those using methylene chloride as the reslion solvent.

Stier, however, gave only e low couversion to low wrleculer weicnt
polymer.

The properties and solubdlities of Ll polymers were a
function of Yle molecular weihts, as shown telow., ror easc of for-
nmulation, it muy be desircble to ainm for molecular wel; htz lower tnan

our original goal of epproximalely 2,500,

Solubility

tlolecular Phiysical detaylone

Weight _Stat» Mhleride Ilexane foctut.
{1200 liquid + + +
1200-1800 rlufd ol + -
1800-2800 viscaus oil + - +
2890-3400 gum - - +

5400 rubter - - -

Work at Silg showed that control of molecular weisht coulid
be achleved with several oxetanes by using butanedicl complexed with two
equivalents of boron trifluoride etherate as the initiator. ‘e intend to
apply this procedurc to the preparation of larger amounts of the 3-azido-
oxetane polymer.

Cynthesis of 3,3-Dinitrooxetane. In the previous report,l

the first synthesis of 3,3-dinitrooxctene was describved. Hydrogenation
of 3-azldooxetane, catalyzed by palladium, gave 3-eaminooxetene, which was

converted to 3-nitrooxetanc by oxidation with m-chloroperbenzolc acid.




Oxidative nitratica then gave 3, 3-dinitrooictue.,

C1
P ot -

ca?_-a{-n3 H, an-CH-}m2 ~_ 3 :

1 ~ I < ~

O—CHn Pd - C—(l,, -

CH,,- CH-NO NaOH Mz C(ROsJ .

| < © NaNO, . 9

O———Ld2 AQNO3 — 0- lip

The hydrogenation 3-uzidooxetune was poorly reproducibvle,
apparently because of catalyst poisoning, and large amounts of the cate-
lyst were needed. Alternative reugents that were investigated unsuccess-
fully are lithium aluminum hydride, sodiwa borohydride in isopropanol,
Lydrazine and zinc. Triphenyliphospi:ine, however, proved to be z reliable
reducing agent tor this reaction. ‘riphenylphosphine reacted with 3-azi-
cooxetane ut room temperature in methylenc chloride to give the phosphimire,
and 3-aminooxetane was released by the addition of arnonia. The oversall

yield was nearly quantitative.

CH2~GH-N3 aie-m{_N=P(4:6d5)3
I 7 + (CeHe) o> l
O—CH, 2’3 O___Q%)

‘T
l.mB
?1"- ?i- Iﬁi") E l

0___052
The oxidation of this phosphimine intermediate with m-chloro-

perbenzoic acid directly to 3-njitrooxetanre was also studied. The reaction

AP o - AR SRR

gave 3-nitrooxetane, but the yield was only 20%. No reaction took place

——— e e

vhen 3-azidooxetane was treated with m-chloroperbenzoic acid.

Efforts are in progress to {ind an alternative oxidizing

agent to m-chlororerbenzole acld for the conversion of 3-aminooxetine to

p)
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3-nitrcoxetun:. Reaetions wit, potusc! oo [ rcawv o de and chroniun tri-

oxile atled.  rorioetic wedd o, relY Ll sty o0 Tienr ci ave a

v

185 yicld of 3-aitrooaet:ne.

Anoiaer eoraetlie oo in i sjutuooic of eivitoooxotane wes

the oxPaatlive nlur-toon, with ylieads ol 000 o0 A dapros L sothoe was vooand
to bo renctdon o e udi o nlovooxethoe I e rniteome LuGnt Louvio-
SN0 LU Vicaa ol cindtooonctne.

Trovionsly, unsaccocoill altenstn wers yede 10 selyoerine 3,
3-¢initroox. cane ander the conlitions tint were unen for y-rluoro-3-nitr -
cxetane :bubblin: prosphorous pentafluoride into & wethylene culorice solu-
tion of the monomer. SubseGiently, &n 2Xcess G phoSprorous penteiiluorics
was kept in contact wiih a solution of 3, 3-¢iatncox-icre dn melby.ene

cnloride for O hours. Somr archanged TULoCr Wb recusered Lout

c*
e

the bulk of the material bags poluerized. & €000, 5 letd ot golaid

-4

ST
with & olecular wei ht ol 2870 o ositained, an 4wl one o 21° yicly of
lower molecular . i-ht maierial. oo molecular welrhts were deterwined b

by vapor preseure osmomeilry ir aeectope. The denwity ol the wmatcrivl was

1.59 and the rix:ludng point .o oo 27
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"ith the objeetive of ohbtaining lov.r melting polymers, the
ccpolymerization o 3,3-diniirooxetrne was catrcincew. Initially, 3-Ilaore-
3-nitrooxetane was uscd as the coaoncoer veeause 1L was expect2d to be
similar in reactivity to 3,3-dinitrooxetrne, ‘hree preliminary eiperi-

ments with varying emounts of 3, 2-dinitroovctuac (HNO), 3-fluorv-3-nitro-

oxetene (FNO) wnd phosprorous pentarluoricde are cuuwmrized below.
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Charge (nraole) ) Copolymer
Fy ¢ DO Mol %
DO FNO o Recov Kiigl Fuu 15t
1.5 0.5 i €3 7 33 12€0
1.5 0.5 : £ 1y7” 11 5460
3.8 .2 1 & 171° 4 -

Of importance is the rnetl tat significant reductions of
the melting point were achieved by the incorporation of soall amoante
of a comonomer that is structurally very similer to 3,3-dinitrooxetane.
What is needed is & comonomer with reactivity similar to that of DNO and
less similar geometrically to provide polywers with low glass transition

temperatures.

It was found that 3-nitrooxctane vas also polymerized with
phosphorus pentafluoride in methylene chloride. A 9% yield of low mole-

cular weicht polynmer was obtained (MW Lon) with gummy consistency.

1o,
- Rk, e
n r'r
L 5 R HC{ QL CH-51y) ) H
01 - “ "
2

Unsuccessfal atiempts were uade to synthesize 5-oxetyl rluecr-
cdinitroeithyl ¢t:er. Renctions oi 3-hydrogyexelane with trifluoroneth-
anesulfonic anhydride gave complex unsteble products. Simijarly, reactions
of 2-hylrosyuretane with fluorodinltroethyl triflnte did not give the de-

sircd ether.

B. Lxgerimental

3-Aminooxetane. A solution of 50 g (0.50 mole) of 3-azi-

dooxetane in 800 ml of methylene chloride was coolca with an ice bath and

132.5 ¢ (0.50 mole) of triphenylphosphine was added. The solution was

¢ .
y ' " - PP .
i Aaith it Sninnat “:M‘ - il dtaciisainctil Lo i




allowed to stand for 30 minutes at O-:OU and for 3.% h at room temperaturc.

The methylene chleride was removed in vacuo to leave aun off-white solid.

An ice-cold solution of metranol saturated with ammonia was then added and
the resulting orange solution wes stirred for LOh «~t -5’32 TListillation
suve 31.98 3 (87.6%) of some.nal impure 3-amincoxetane, bp 50—8200 (60-T0m; .
A repetition of this reaction wave £9.%6 . (£1.0p) of 3-aminucxzetanc. The
combined distillatiop residues werc extracted with ether, and distillation
gave on additional 8.8 g of 3-aminooxetane. The combined yield for the

two reactions was 70.32 g (96.3%) of 3-aminooxetene: Y R (CDClS) &2.03
(s, 2 H,-Nip); 4.0-4.8 (m, 5 H, oxetane); IR (film) 3350 (NH2), 300U, 2900
(C-H), 1605 (Mip), 970 cm™t (oxetane); n, 20 1.4500.

3-Nitrooxetane. A solution of 7.3 g (0.10 mole) of 3-amino-

oxetane in 100 ml of 1,2-dichloroethane was added over 1 hr to a refluxing
solution of 71 g (0.35 mole) of 35% m-chloroperbenzoic acid in 600 ml of
1,2-dichloroethane. The reaction mixture was heated at retlux for 3-1/4 hrs
longer and was then allowed to stand at room temperature overnight. The
precipitated m-chlorobenzoic acid was filtered and the filter cake was washed
with 70 ml of 1,2-dichloroethane. 7The 1,2-dichloroethane was removed in
vacuo and the solid residue was distilled in a Kugelrohr apparatus to give
6.35 g (61.6%) of somewhat impure 3-nitrooxetane, bp 77°2/0.5-1.0m). Pro-
parative gec (9% QF-1 on Chromosorb W, 120°C) afforded an ;nalytical samplie: .
N (CDCl3) § 4.87 (m, & 1, -(H,0CH,-); 5.23 (m, 11, CHNOE); IR (cH2012)
3000, 2940 (CH); 1550, 1370 (Nbe); 980 el (oxetane); nD20 1.4618; d=1.33.
Anal. Caled for C3H5NO3: C, 34.96; H, 4.89. Found: C,
34.77; K, 4.87.
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Reaction of 3-Amincoxetane with Peracetic Acid. To & refluxing

solution of 30 ml of dichlorethane and 40 g of LU% peracetic aeid in acetic
? acid was added dropwise & solution of 5.0g(0.68 mole) of 3-aminocoxetane in
20 ml of dichloroethane. /n exothermic reaction occured with slow green
color formation over one hour. The solution was refluxed for 4 hours and
allowed to stand overnight. The solution was wusled with a Y1:1 ami.iiun Lp-

droxide-water solution, separated and the solvent evaporated to yleld 1.2 ¢

ket SR

of 3-nitrooxetane {17%) by amr ossuy.

3,3-Dinitrooxetans by C(xid:tive Nitration. A cold solution

of 3.385 g (.033 mole) of 3-nitrooxctane, 1.45 ¢ (0.3% mole) of sodium Ly-
droxide and 2.56 2 (.03 mole) of sodiwm nitrite in 72 ml of water was adied
to a stirred solution of 12.2 ¢ (.072 mole) orf silves nitrate in 25 ml of

vater at 0-5°C. An immediatc tlack suspension formed. After Lle reaction

mixture was stirred at 0-903 for two h, 25 ml of ua saturated sodium ciiloride
solution was added and stirring was continued tor 30 min. The reaction mix-
ture was then filtered through celite ana the {ilter cake was wached with

10 ml of water and with 100 ml of ether. The aqucous solution was extracted
with this 100 mi ether and with two more 100 ml portions of ether. The com-
bined ether solutions were dried and solvent was removed in vacuo to leave
1.61 g of crude product. Colusmm chromatography {silica gel, methylene
chloride-hexane) gave 1.07 g (21.9%) of pure 3,3-dinitrooxetanc: up 70-72°¢;
]‘H NMR (CDc13),L5.27 (s); IR (m;ama) 3000, 2940 (Qr), 1580, 1325 (NOQ),

1000 cmt (oxetane); d=1.6%.

Anal. Caled for C_H

24.54; H, 2.80.

3 hN2c5; C, ok.34; U, 2.72. PFound: C,




3,3-Dinitrooxetane {rom Tetrunitromethane. A solution of

1.03¢ (0.010 moic) of 3-nitrooxetane and 2.0 g (0.010 mole) of tetrani-
tromethane in 5 il of methanol was added dropwise, with stirring over a

20 min period, to a solution of 0.42 ¢, (€.010 mole) of sodium hydroxide

in 1 ml of water anl 2 ml of methanol at 0°C. Stirring wes continued for
30 min and 10 ml of water was then added. The pH was adjusted to 9-10 with
sodium hydroxide, and the mixture was extracted with ether (3 x 25 ml). The
combined ether solutions were washed with water and dried. Removal of sol-

vent zave 0.89 5 (€0%) of 3,3-dinitrooxetane. ;

Polywmerization of 3,3-Dinitrooxetane. A dry 100 ml flask,
fitted with a syringe valve, was loaded with a solution of 0.113 g (0.76 mmuol)
of 3,3-dinitrocxetane in 0.5 ml dry wethylene chlioride, and was flushed with
nitrogen. After 40 ml of nitrogen was reroved ty syringe, 4O ml of (1.6 mmol)
rhosphorus pentafluoride was added. After 30 h. solvent and catalyst were
removed uader vacwur and the remeining white solid was extracted with 15 ml
of methylene chloride. Removal or solvent in vacuo left 0.018 g (15.9%) of
3, 3-dinitrooxctane.

. The solid insoluble in methylene chloride was extracted with
15 nl of ethyl acetate. Removal of sulvent in vacuo left 0.024 g (21.2%)
of a white solid: MW (VPO, ethyl acctate) L84; IR (acetone) 3550 (CH);

1575, 1300 ca *

(NOQ). “he solid rrmining after extraction with ethyl
acetate was taken up in acetone and solvent was then removed in vacuo to
give 0.071 7 (62.8%) of poly (3,3-dinitrodimethylene ether) as a white
solid: mp 200-20200; lH MR (acetone-d6) & 4,67 (br s); IR (acetone) 3600

(CH); 15€5, 1320 — (Noq); My (VPO, acctone) 2870; d=1.59 (perfluoro-2-

10
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oxetane. Phosphorus pentefluoride (25 ml, 1 mmol) was added to a solu-

butyltetrahydrofuran-hexane).

Copolymer of 3,3-Dinitrooxetane and 3-Fluoro-3-nitro-

tion of 0.222g (1.5 mmol) of 3,3-dinitrooxetane aad 0.069 g (0.5 mmol)
o: 3-fluoro-3-nitrcoxetane in 1.5 wl of methylene chloride at 0°C as in
the above exemplc. A precipitate formed imnedietely. The wixture wac
stirred at O—SOC ior 5 h and 10 ol of methylene chioride was added. TiLe
precipitate was filtercd and was wached with 5 1l of methylene chloride.
Removal of the nmethylene chloride gave 0.1k g (63%) of vecovered 3,3-Gini-
trooxetane. Tie precipitate was dissolved in ethyl acetate, washied with
weter, dried and stripped of solvent to sive 0.0€4h g of copolymer, mp
7% (no darkeaing to 2’+5°c); MW (VPO, EtOAc) W2€C; 9 nw (Acetone)

¢ 142.8 (m). GQuantitative IR, using a known amount of benzotrifluoride
as rcS rence, showed that the material contained 33 :ole % of 3-fluoro-3-
nitrooxetane units.

When this reaction wvas repeated using 2 mmoles of prospho-
rus pentafluoride with a reuction period of 20 h, 0.13 z (5%) of the 3,3-
dinitrcoxetane was recovered and 0.064 g of copolymer wes obtained: mp
137°C; MAO(VEQ, BEtOaz) 34(0; lgF NMR (acetone) ¢ 12L.8; 11 mole %3-fluori-
3-nitrooxe.ine units by INMR.

The reaction was repeated using 0.562 3 (3.8 muol) of 3,3-
dinitrooxetane, 0.025g (0.2 mmol) of 3-rluoro-3-nitrooxetane, and 1 rriol
of phosplorus pentafluoride, with a reaction period of 42 h at room tem-
perature. Under these conditions 0.354 (€3%) of the 3,3-dinitrooxetane

1
was recovered ani C.053 ¢ ot copolyner was obtained, mp l?lOC; 9F NVR

1]




(acetone) ¢ 143.0; 4 mole % 3-fluoro-3-nitrooxetane units,

Polymerization of 3-Azidooxetane. Freshly distilled boron

trifluoride etherate (11 g, 0.077 mole) was added with ctirring to a solu-
tion of 150 g (1.5 mole) of 3-mzidooxetane in 750 ml of dry methylene
chloride with ice-bath cooling. The reaction temperature rose from 5°C to
20°C in 10 min and returned to BOC in 9O min. After 3.5 h, 300 ml of nmetil.-
Ylene chloriae was added anc the reaction was quenched bty the addition of
45 ml of cold 2M potassium carbonate solution. The mixture was stirred
for 30 min and the solution was then dried over magnesium sulfate. The
methylene chloride solution was added to 1100 ml of hexune. The mixture
was stirred tfor 30 min and was allcwed to stand for 2.9 h. The precipi-
tate was washed with hexane (2 x 300 ml) and dried uncer vacuun to cive
82.2 g (55.2%) of a tacxy resin: molecular weight 3110 (vupur osmcueter,
ethyl acetate); hydroxyl functionability 2.0; density 1.33€; 4w (Cociz)
£ 3.58 (s8); 1k (C1I2 Cly) 3,000, 2,900 (CH), 2150 (N3), 1135 cm-l (c-0-C).

Removal of solvent from the methylene chloride-hexane sclu-
tion left 33.7 g of an equal mixture of olicomers and 3-azidooxetenc, as
determined by NMR.

Another run using 50g (0.5 mole) of 3-azidooxetane and 3.6
(0.025 mole) of torou trifluoride etherate ave 32:; (64%) of fractionated
polymer, MW 3610; hydroxyl functionatilit, 2.0.

Gumstock Prevaration. A solution of 2.158 g (0.705% mmol) of

3-azidooxetane polymer (MW 3060) and a catalytic amount of terrie acetcny-
lacetonate in 2.3g of methylene chloride wus flushed with nitrogen, and

0.123g (0.705 mmaol) of tolylene-2, h-diisocyanate was added. A rubbery

12

[}
. ’ . .
S ) ey Lo e b oy o 2




e

oy o= » S

P

mass forued within 5 ain. After § days, removul of solvent l=it « resil-

ient rubber.

III  Process Development und Production of 3-Azidooxetane

A. Discussion
The polymerization of 3-azidcoxetane has given potentially

useful difunctional oligomars. For the evaluation of these materials in

formulations, multi-pound quantities ere mnceded. To facilitate the pro-
duction of such quantities of material, attention was pald tc “izplifying

the reaction procedures and overcoming problems, such as exotherms, that

are not apparent in small scale experiments. %
A pew route to 3-hydroxyoxetane from epichlorohydrin wes T

developed previously on this programl using blockinz agents to control the

direction of ring closure. Acetic acid was added to epichlorohyirin and

the resulting secondary alcohol was protected as a base-resistant acetal

group. Base hydrolysis of the acetate group and ring closure gave the
tlocked oxetane, which was deblocked with mild acid. Conversion of 3-hy-
droxyoxetane to the tosylate followed by displacement with sodium azide

gave 3-azidooxetane.
(3 JO0H CH =CHOC_H

~ O 3 2 25
- —— ey ccoaa(omencr S 70
CHp- CH-CH,Cl e 3000, 0 R
3 H+
- CH,-CHOCH(CH,)OC
1 000CH, CHCH C1 NeOH RO G, 01— 2] 3/9C:Hs
0—aH
: 2 A
ocm(cﬂ JOC,H, oﬁ(ca;ocen5 |
~ . - () - H:
(£ 0 *) - (|2HOH CyCr50CL Clﬁfg ?{OS Gy MalNy i:ie <|IiN3 i
Cﬂ OH z 0 —d, NaOH 0 —Qi, O~Q{2 :

Changes made in each of these steps to facilitate scale-up are described below.

13
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Epichlorohydrin-Acetic Acid Reaction. The most significant

changes in the first step of the sequence were minimizing the amounts of
excess acetic acid and of ferric chloride catalyst to allow the use of the
crude product in the next step without further processin;;. The reaction
time was reduced from 2 days to several hours by using a reaction teupera-
ture of 75-8500 instead of O-lOOC. The reaction is highly exothernmic, but
the temperature can be controlled by means of a water bath. Scele-up to
the 150 mole level was accomplished using a 22 liter reaction flask.

3-Chloro-2-(1l-ethoxyethoxy)-1-nropyl acetate. In our previous

laboratory procedure, 3-chloro-2-hydroxy-l-propyl acetate was treated with
ethyl vinyl ether in methylene chloride using 105 of pyridiniua p-tolu-
enesulfonate as the catalyst. 1In the scale-up study, tle more erfcctive
catalyst, p-tolucnesultonic acid hydrate, was uscd and the solvent was
omitted. Thus, crude 3-chloro-2-hydroxy-1l-propyl acetate containing éis-
solved ferric chloride from the previous step was treated with a 100 cexcess
of ethyl vinyl ether and 1¢ of the catalyst. The reaction was exothermic,
and the catalyst slowly lost ite effectiveness in the mixture. These nro-
blems were solved by the incremental addition of both the vinyl etler and
catalyst to the alcohol. The reaction product was sirply wasned witl water
and the wet material was used in the subsequent step.

Tne yield of blocked materinl, established by distilling an
aliquot amounted to cs 75%. A side reaction product was identified as tae
acetic acld-ethyl vinyl ether adduet (5-10%).

Al

. . ar, codAoC kL
CHy0001 + Gty ~QHOCH;  ———— CI3PONOC,
CH

3
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Some low-bollin; :mterial (10%) and a viccous distillation residuc appearcd

to contain ethyl vinyl ether polymers.

N 3-Chlore-2(!-: thoxyethoxy)propanol and 3-(1-Btloxyethony, -

cxetane. In the leboratery reale synthesis of 3-(l-ethoxyethoxy)ox:tane

v
Ry S

8 suspension of 2-chloro--{1--thoxyethoxy)-1-vropyl ucetate wes bLeated ot

Bt e

reflux with an excess o acueous eodium hydroxide. I.. larger scale rexcti.ns,

the neat litverated b, t.c esier hydrolysis was found to be significant, but

A

the reaction was readily controlled by gradually adding the acetate to the
hot alkali with cc.li The eyclization of the resulting promenol driva-
tive to 3-(1l-ethi>y=is *¥- sctane was then accomplished by heatin: the two-
phase mi:xture A7} -z .y i3 stirrdng at 108-115° for 4-5 hrs. The product,

at this stage, ¢ *ai'ted considerable amounts of nonvolatile by-products,

and the mate: “ee. o5 purlfied by vacuun distillatlon. In an avera e 150
mole run,only 8 to £.5 k; <f distilled wrterial of estimted 3O purity wus
outained, corresyondin: to 30-407 yicld tased on e, ichlurohydrin useé in

the first step. The reasons for the low yields ol 3-(l-ethoxyethoxy)oxetane
have not been detormined, but ceonteet o3 the wgueous and corganic phases

may be inadeqguate. lore efficient stirring or the use of phase trancfer

TR AN

catalysts would te teneficial.

3-lydroxvou-tane. Removal ol tlie acetal tlocking group did

not present difficulties in scale-up. 3-Hydroxyoxetane was obtained in
high yield by treating a methanolic solution of 3-(l-ethoxyethoxy)oxetane

t from the proceeding step with p-toluenesulfonic acid hydrate. The reaction
was only midly exothermic and was completed in several hours at 30-35°C.

Removal of volatiles gave material of 75-80% purity, that was used without

15
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rurther purification in the s;nthesic oy 3-ozetyvl tosyiute.

3-Oxetyl Tos,late.  s-uxetyl tosyluate was cbtuined by reuct-

ing 3-nyd:oxyoxelune with p-toluenesulionyl chloridace. Tne proecess was

simplified by using aqueous sudiwa hydroxide to reucve HCL rather t.an

tre orgunic bases that were used previcusly. :urc crystalline 3-oxetyl
tosylate wis obtained from relatlively imjure 3-hLydroxyoxetane, end the

only worg-up needed wzs air drying.

3-Azidooxetane. In tuc earlier luboratory procedure, 3-azi-

dooxatane was cbtained in 55% yield oy heating 3-ouxetyl tosylicte with so-
diun azide at 1600C in trietihylene ilycol. The product was renoved by
vacuun distillation as it was formed. Yields in 0.4 mole runs were im-
prgvcd to B6-90E. The recction Leuaperature wis lowered to lQS-L;«OC, aad
the amcunt of solvent wes reducel. The product wus generaliy pure without
further purification. In scveral caseg, proloaging the vacuum transfer
reculted in contamination ot the produact with wamll nnounts of trictlylene
glycol. This centaminsnt was reroved cowveniently Yy treating tne meterial
wlith calcium ehloride,

iarge czcale synthesis of this motentially explosive monomer
requircs ghlelding, and preferebly, keeping a diluent in the recoiver. Thuo
solvent volatility provien wes eliminated by using polyethylene gl: ol kOO
in place of triethylene glycol. The receiver was loaded with methylene
chloride and was kept at - 7803 to prevont evaporution o this solvent.
The receiver was stirred wmignetieally 1o prevent erystallization . the pro-

duct. The sodiun tosylate formcd vy the displecewnent reaclilon is somewhat
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less soluble in [EG OO tuan in triethylenz ;lycol, and toward the end
of the reaction a fiufl'y preciritate prevented continuation of the diu-
tillation. s a conseguence, yiclds were reduced te 6%, After one run,
the cooled reaction mixture was Jiltcred and the yrecinitate was wushed
with methylene chloride. Continued dictillation then increased the yield
to 31%.

Approximately 20 lbs or 3-azidooxetanc was producea. 1n ad-
dition, 45 lbs of 3-cxetyl tosylate is on hand.

Cther Intermediates. Acctic acia, a weak acid with pK L.7€,

does not react with epichlorohydrin in the sbsence of a catalyst. It was
found that chlcroccetic acid {p¥% 2.85) and dichloroscctic acid (pK 1.30)
cave adducts with epichlorohydrin without a8 catalyst. Tnese adducts
reacted normally with ethyl vinyl ether. In the ring closure step, however,
the haloacetate moities underwent side reactions that consumed base. At
thic point, problems associated with the acetic acid rouie were resolved
and work with the chloroacetates was discontinued.

B. Experimental

3-Chloro-2-Hydroxy-1-Propvl Acetate. A 22L three-necked

flagk, fitted with a mechanical stirrer and a reflux condenser with a
drying +tube was loaded with 9.16 k. (152.54 molec) . zlacial acetic
acid and 85 g of anhydrous ferric ~hloride. Fpishworohydrin 13.9 k.,
150.27 mole} wus added to the stirred mixture in a rlow strean by mearc of
an addition funncl. The reaction temperaturc increased to hEOC as 10% of
the epichlororydrin was added in 20 min, and then began to decrease. The
remaining epichlorohydrin was added in 5 min and the mixturc was Leated

carefully to 68-70°C. The exothermic reaction recumed and 4the rezction

17
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temperature was maintained at 70-72°C for 2 h with & 40°C water bath, and
then was kept at 83-8500 for L h. The product was allowed to cool to am-
bient temperature overnight, and was used without purification in the sub-
sequent step. Careful temperature regulation is needed to maintain control

of the reaction exotherm.

3-Choro-2-(1l-ethoxyethoxy)-1l-propyl Acetute. The sbove crude

mixture was placed in a wmechanically stirred 50 L flask fitted with a re-
flux condenser. The flask was cooled with an ice-water bath while € kg
(83.2 moles) of ethyl vinyl ether was added. p-Tolueneculfonic acid Ly-
drate (20 g) was added and the reaction temperaturc rose to 64-67°C in

7-10 min. When the mixture cooled to 18-20°C, another € kg (83.2 molcs)

of ethyl vinyl ether and then 25 & of the catalyst were added. The reaction
temperature rose to SSOC in 15 min. The coolant was removed and the mix-
ture was allowed to cool to ambient temperature in 2 h., The mixture was
washed with 25L of water, and the product 31.5 k: (94% yield) was used
without purification in the next step. The MR specirum showed no rmjor

impurities.

3-{1-EthoxyethoxyJoxetnne. A mechinically stirred 50L

flac.: with a reflux condenser was charged with 9. of water and 7.0 kg (175
moles) of codium hydroxide. The above 3-chloro-2-(l-ethoxyethoxy)-1-pro-
pyl acetate was added from an uddition funncl over & 3-% L pericd while the
reaction temperature was mintained at 95-lOO°C with water-bath coolin..

The mixturc was allowed to stand overnight and was wasned with 5 7. oi' water.
The product was stirred with 7 kg of sodium hydroxide and 9 .. of water and
the mixture was heated at reflux (105-115°C) for 4 h. The product was al-

lowed to cool overnight and the phases were separated. The aqueous phase

18




F was diluted with Loooor entor wad cxtesened Wity 0 ol mothyle v o lorlGe.
Distillation of the combindd oronnde phuces cnve J00 ¥, of product, op

= 0 . ne aed - . : .
bh5-75 C (0.1 1xn) shown by R to contrln &0-35% 3-(l-ethoxyelloxy) oxetanc.

(33-3%% yleld tascd on epichlorohydrin).

3-Hydroxyoxetane. The combined preduct cf two runs by the

above procedure was ctirred with a solution of %0g of p-toluenesultonic
acid hydrate in TL of methanol. The reaction temperature rose to 33°C in
20 min and remained at that temperature for 2h. The mixt.:: was allowed
to stand overnight. Volatiles were removed at 25-50°C (40 to 0.3 um) to
give 11.6 kg of 70-7¢7% pure (by NMR) 3-hydroxyoxetane.

3-Cxetyl Tosyinte. To a stirred suspension of 10.5 kg of ]

p-toluenesul{uuyl chloride in 90 of 0.5% sodium hydroxide ia o 50 round- !

.

rottom flask vas added b.6 b, of crude 3-hydroxyoxetane. The lask wac

cocled with a vater tutl,and a solution of 3.9 k; of sodiwa hydroxice in

L.3L o water was tann wdeed, at a rate 4o maintain a ronction tenperaturce
. & . . R - .

of 7CT0. After the wdlivioa was couplete (75 @in), the mixture was st orec

> O

at £5-70°0 ror BS5 oia. The product ws 1illored at roow temmerelure and

™
\n

e t. 0 . .\ s
was vashed with -1 poriloas of water at ¢07C. The white crysteliine

sroduct wos alfr driecd to give €03 ko o u8-1007 jure onciyl tosylate (I3,

237 vield *aead on cpicllorobydrin.

3-Azidooxotane. A mixture or 552 p(0.40 oles) of j-oreiyl

tosylate, CLO o (3.€9 molc) of sodium azide and 1030 wml of triethylenc ly-

col was [Jduced in w 5 L round bhottem flusk equipped with a masnetic stirrer

e e e gy o el s ane

and a vacur: distillation head. The distillation receiver was cooled with




=0 ice bath. The reaction :d-iture was heated teline satety shieliing,
.,.;“),,' - - N » - PR
over & 45 min period, to 125-130 " {3-% mu). Distillutioc. of 3-nzidod:-
o‘ i ' . b *‘On
tane began at 90 C and the reactica was completed after D bt L.5-1327C.
The distillate wus diluted remotely «Iith 100 . o ethycen: chloride, sarnc

MR anelysis of the product showsd 10 o (304 yicld) or H-awicoxcwwns.

T, !

Tine reaction wes toalded up Ly a iactor LF « usina 22 L

flask with & wmechunical stirrer. Polycthylen2 olvell LU0 vl used oo Lhe

solvent instcad of triethylene gl;col, Tha receiver, stir-ed masnsllcell

was loaded terore the reactlon witi: & I ¢l methylene chilzride .nd wus
cooled with dry dce. The original dictillate, as in the atove —»wicle,
consisted of €60 g of J-azidcoxetane., The polyet',vlene ciyceo) solation,
contaicin; rrecipitated sodiuwn tosylate, was cocloa wne UIltored. LroDYre-

cipitate was washed with 3-1 L porticns of wmeth;lene ohloride. Lisc?
tion of the combired filtrate anid washing:s in *ir 2io/e arnarctu
additional 150 g of 3-w.zidooxetaae {605 total yicla).

IV Polycycliec Nitro Jorpouncs

A. Discussion
Adarnntanes and rrlnted structures with nitro vubctitucute
comprise a little studied class of compourds, with thoe poteontaunl of provia-
ing high density and energy. e briugebread nitro conprurds, i-nitroecd-
3 o as b .
aasntane” and 1, 32-dinitrcadarantane , w.o bLeen knovwa for tuwo decaides,

"

end recently, 1,3,5,7-to>trinetrood mantant s been oo oarted?

~r
N . L2

anly example in the literature vith & nitro o the Yrid e wus obtainca Ug

6

the condensaticn of nitromethane with a bieylic dikctcue .
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The synthesis of , C-dinitroadumiriane Ly the nilration o. acamantansne

oxime wis recently descriced at a teshnicen? mcuting.‘
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Cne of our objectives was to extend “his reaction to poly-

functional substrates, sc attempts were wmade to optimize tle preparation

~

of 2,2-dinitroadamantanc. Steroid oximes react with nitric s=cid at low

temperatures to give highly colored nitro-nitroso intermediates, vhich

D
>

TLvORLe

are oxidized to dinltro compounds by the addition of lLiydroger

Our attempts to nitrate adamantanonc oxime et lowv tewmperac.. - with vary

ing comecentration of nitric acid or dinitrogen tetroxide gave only trace

yields of the dinitro compound. The free keton? was recovered, anc wiuern

hydrogen peroxide was used, the major product wes the luctone resulting

from a Baeyer-Villiger rearrengement.
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Under 3ilbert's' uitration conditions, using reiluxing
methylen chleride as the reaction redium, we obtained a 30% yield of

2,2-dinitro-dumantanc. ilo hydrogen peroxide was needed to oxidize

the transient nitro-nitroso intermcciate to the dinitro compound, and
{ the latier was even converted to the Bueyer-Villiger product.

Ul tihe sane conditions, b-brozo-2-oxiwincadarantaac
vas converted to h-Lremo-2,2-dinitrondamantane 1 50% vield. The crude
reaction mixture was treated with hydroxylamine to reconvert the by-
product ketone to the oxime, and renitration gave the dinitro adamantane

in 70% yield.

P P G
—~— T~
Kl dNog 7 > KO, : \/ \
~ .7 + 7,
ST 7 /L‘L--‘/ ' } RA::
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These nitration conditions were appiied to 2,6-dioximino-

sdamantane with the objective of preparing the tetranitro adamantane.

The initial attempt to carry out this reaction gave a sharp-melting solid
product, but elemental analysis showed that the material is an isomer of
the nitrc-nitroso compound.

Another approach to introducing nitro groups into steroids
is to halogenate an oxime, oxidize the resulting halo nitroso compound, and
remove the halogen rcductivelyH. This approach wus extcnded\fo the ada-
mantane system. ‘The rcaction of 2-oximinoadamantune with N-bromosuc-
cinimide was found to proceed in high yield to give directly 2-dbromo-2-
nitroadamantane. As in the direct nitration of the oxime the nitroso
intermediate exhibited only transitory existence. It was also observed

that the usual peroxide addition step effectively destroys the product.
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Sirilarly, the reaction of this oxime with aqueous sodium hypochlorite in ethanol
gave 2-chloro-2-nitrcadamantane, with only tranistory formation of the blue
nitroso intermediate.

The presecsnce o water i1s these reuction wus tound te be important and thre
E Cirect reaction of the 2-oximinoadazcntanc with bromine in moethylene ciloride
cave the expected rins expanded w.dde, U-azo-%-homcadamantanone whicih wes

icolated as the B-lLroro derivat ‘ve,

0 0
o~ v . ;,’\”’ N ’
T 7 -
By, f \
S R S Y
//‘\"// 2!,, 2 L — , ‘4/\/

T The isniated b-brono-L-alo-5-Logcadarantanone was wnsteble, losing bromine on

recerystallication.

In the steroid work, ile Z«bromonitro compounds, but not the 2-cnlorcaiiro
corpounds, were dehologenated with sodium borohydride.8 The adamantane derive-
tives behaved similarly. Thus 2-bromo-2-nitroadawantane gave good ylelds of
the expected 2-nitroadasantane, but 2-chloro-2-nitroadzmantane failed to react
under similar conditions. The oxidative nitration of Z-nitroadarantane pro-
ceeded nornelly, and this proccdure gave & ood overall yleld of 2,2-dinitro-
adarantaae.
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P H. Stetter” discovered the rcaction of 1,2,5,6-diepoxycyclooctane with

yﬁ atmonia t.o yleld 2,6-dihydroxy-S-azabicyelo(3. 3. 1)nonane.
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ve have initiated work to convert this bicyclic amine to energetic compounds
containing nitramino, nitrato and/or 5em-dinitro groups. Nitration with acetyl

nitrate in acetic anhydride yielded the nitroamine dinitrate, an impact sensi-

tive solid. Under milder conditions the N-acetyl dinitrate was formed. Trans-
esterification of the nitramine to the diacetate, 2,6-diacetoxy-9-nitro-9-aza-
bicyclo (3.3.l)nonane in high yield was effected by sulfuric acid in acetic
gnhydride. The diacetate was hydrolyzed in either m:>thanolic potassium hy-
droxide or methanolic aqueous hydrocitloric scid to give 2,6-dihydroxy-9-nitro-9-
azabicyclo(3.3.1)nonane.
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B. pxperirental

2-Tromo-C-nitroadamintane. -Brorosaceins adde (12,03,

0.067 mole) was adacd at 20°C to & solution of 4.0 .; (0.0% mole) of
2-oximinoadarantanet® in 100 ml of 504 dioxane-weter, uad € g of
solid sodium bicarbonate wag edded. A 1licht blue color formed that
faved over a 1 h period. OJolvent was removed under vacuun and the resi-
due was extracted with ether (2X30 ml) to yield a crude solid which when
recrystallized from ethanol-water gave 5.0 g (80%) of 2-bromo-2-nitro-
adamantane, mp 19O-l9f3(sealed tube, sublimes). IR(KBr) 3000, 2900,
1540, 1445, 1340: MR (CDCl3) #2.9 (2 H), 2.2-1.9 (12 H).

Anal. Caled for CygijyBrNCo: C, 46.15; 1i, 5.38; N, 5.38.
Found: C, 46.00; H, 5.30; N, 5.27.

2-Chloro-2-nitroadamentanc. Aqueons 5% sodium hypocnlorite

solution (30 ml) was added to a solution of 0.2 g (0.0012 mole) of 2-0x-
iminoadamantane and 0.2 g of sodium bicarbonate in 20 ml of dioxane.
There was an exothermic reaction. The solution was stirred for one hour
and 100 ml of water was added. The solid which formed was filtered and
recrystallized from ethanol-water to yield 0.2 g (7€%) of 2-chloro-2-
nitroadamantane, mp 200-201°C (sealed tube, sublimes). IK (KBR) 2960, 2900,
1550, 1455, 1350, 1330.

Anal. Calc'd for CygluClNop: C, 55.68; H; €.L9; N, 6.49.
Found: ¢,55.29; H, 6.59; N, ©6.30.

2-litroadamantane. To a solution of 4.0 ;(0.015 mole) of

2-bromo-2-nitroadamantane in 50 ml ethanol and 10 ml of water was added

2,0 g of sodium borohydride and the mixture was stirred for 1 h. GLC




analysis showed that the starting waterial was comsumed. The solution
was neutralized with 50% acetic acid solution and the «thenol was evapora-
ted; 50 ml of water w2s added and the solid which formed was filtered to
yield 2.4 g (89%) of 2-nitroadamantane as a waxy solid, mp 165-166°C (subl);
IR (Kur): 2950, 2900, 1540, 1450, 13(0; nmr: « 4.25 (t, 1 H), 2.75 (2 E),
1.9-2.1 (12 H).

Anal. Caled for CyoHjsMOp: C, G€.01; 4, 8.06; N, T.34.
Found C, 64.83; H, 8.24; N, 7.58.

2,e-Dinitroadamantane. To a solution of 2-nitroudamentane

(0.2 g, 0.001 mole) Gissolved in 10 wl ethanol was alded & solution of 0.4 4
of sodium nitrite and 0.2 _ ¢f rodium hydroxide in 1T @1 A water. This
;> solutlon was stirred for 10 minutes and 10 1 of water contuzining 0.5
: of silver nitrate vas added. An fwmcdiate Lluck precipitute of metallic
sllver wns olserved., after 30 ndnutes of stirring, the soiution was :lxed

with €0 al of cther and filterce.  The ether layer wno separated wnd evapo-

rated to yield 0.2 g (81%) of tre crude product, whici was found ty g.c

analysis to contain only a suell amount of 2-rdaautanone. Reerystalliza- i
tion from hexane geve pure 2,2-diaitroadutantenc; mp c12-013°C (4, sealed
tube); IR: 3150, 3000, 1570, oo, 1380, 1379; ar (01)313) A 1.9-0.1
(1K), 3.4 {" H); density 1.h40.
Anal. caled for ZIohypMNoOy: C, 53.03; H, 6.19; N, 12.38.
Pound: 2, 53.350; 0, 6.16; N, 12.26.

Direct Hitration of 2-Oximinoaderantunce. To a solution of

0.10 ¢ (0.0006 mole) of 2-oximinoadumanicne in 10 ml of ref  ‘ing
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nethylene chloride was added dropuise 2 =1 of a-1070 ritrie acid.
light bluish color formed ond afver soverel wminutes dicci-atec.  Cle
analysis after 30 minutes chowed two peaks representing wvout (0% Z-ad-
amantanone and 30% 2,2-dinitrondamantance. Tue solvent vas evaporated
and the residue was washed with 20 ml ot water, redissolved in 10 il of
methylene chloride wnd chromatographed on a mediun pressure silica el
colunn with methylene chloride. “he wnterial which passed rapidly Lhr
the column was isolated trom the methylene chloride solution by evepora-
tion to yleld 30 mg (21%) of 2,2-dinitroadamantanc identical with the
material prepared above. The column destroyed the ketone and no other
materinls were recovered from the column. Repetition of this procedure
using refluxin; chloroform in place of methylene chloride yielded only

2-adamantanone with no 2,2-dinitroasdamantane detected by glec.

L. 5rono-2,2-dinitroadarantege. h-BrCmu-S-aﬁnnanatanonell

0 3

mp 161-1€3 2, was converted Lo its oxine, op L70-1767C.  Uo o ososlution of
- N ' . \ - 03 .

1.0 ¢ (0.00kk mole) of the oxime iu 50 w1 of refluxing methyle.. .lsride

wos added dropwlse 5 1l ot D0-1004 nitric ucid. "hLere wvus an Liznoliate

green co'~s Lormed which disappeared  in :boat 1 wminut:. The solution was

el

L R TP e . epel A
refluxed for &0 min, cooled, and wached with 20 ml of 165 zoutwn errtonate

sclution.  The aethylene chlorjde was evaporotc? to yield a wany

Lonia.

" Y- ey ey Ay * Tiis LR INY Y e T M * N :
Ihe dnfrarced speelrwn ol Ui orude ristoring olow ! T pr oXLGLLLy 4oHe- U

nixture of k-bromo--adaivatanoe and h-broun- S, Ttaltrorde nnlane AT

and 1590 em-1). The crude soldd was Aissolved in 10 mi of clian ol a1 -

[

of hrdroxylanine hydrochloride and 5 ml of 10% sodium carbonate r~lution

ware added. This solutica was refluxed one hour and allowed to etund 1C
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nours at roon temperuture.  Yhe cthanocl wes evaporated and the or-unia
materials were extracted with meithylene chloride. This zo:iation was heated
to reflux and 2 nl of 90-1C nitric acid wes added. A reen cclor & ain
formed and divepocurcd. After 0 ain, the soluvnion was cooled, warheu With
10 mi of (% sodium carbonav: solution, and the rethylene enloride was
evaporated. The Infrared spectrwn o the crude vrod.ct choveu a 30-T0
ratio of xetone to dinitro coxpound. The above procedure for hydruili:zation,
nitration, and extraction was repeated for a third time. Tuhe inlrarec
cpectrum of the crude aaterial shovwed the ketone wes essentially couswacd.
The crude solid -ms reerystallized from hoexane o Licld .0 o (€0F) of
L-btromo-2,2-dinitrocdamnotunc, mp :CY~230? The 2050, 000, 1585, 1o
1330, 1255, 1315; nme £ log-C.o Cw ), w0 {1 odn, 3.0 (L oag, B.5 (L)

soal. Tmled Cor Cm“n"’“"“acu‘ ST LA N SE S LI S TR SO TR R

Y
‘

Found: O, 30.0%; H, L.73; 0 5.%7.

Oitration of 2,Cc-Ticsininoed cntane. D,6-Admenboneiion:
ic
> 3 1 ME PR U IR Syl e Yy et 4 3 -
was prapared according to the Literctwre ind was converted to it oximr.

To a sucpensira of 1.0 4 (C.0051 mole) of the oxize in 57 al on iethylenc
chloride wns added dropwise a total of 3 1l of 0-100% nitric acid over

the course of 22 ainules.  [he solution became 1i.tit Yiue imuediately, nnd
when 15 drops of the acid was added, the solid dissolved. After Lhe addi-
tion wus complete, the solution was refluxed for 20 ain during which tiae
cxtides of nitrogen were liberuted. he solution was cooled aud neutralized

vith 5% potasslun hydroxide solution to nil 9. The methylene chlorice layer

i
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evaporated Lo ield 0.0 o ool a

: H . 3 I e ‘ T -
grevaigt, ceni-oclid, als al o tido oo

was chrometograrpicd on a silica el preparat e U070 plute witl, @ ol rlonc
2 t r F s & V'

chloride. Fowr major landt v pro extractec Tru-t e silicw . os witn ol arcl.
J -

The fastest moviug tand showed IR peesks indicative of a nitro.etens and

aot further identificl (yicld apyrozimately 5 mo.).  The next factic L b

Ire-yesy

3

Y 3 ~ - P . I LIS e =
vas identificd as o,6-ad2antandione (yicld 0 nme O%). A Lsnd vhoan D

- : e e 2 s N . o 3 I
not move on tie plate was identified ags &, {-dioximincudn-sntan: [yicli o9
&+ ’

J

mg, 10%). The remaining tand which s the slowect of ihe Luscs 4 .le¢n moved

O

consisted of 50 my (10%) or white s0lid, mp H-175%05 IR 099, 3077, 1575,

1440, 13k0.
Avaz.  fale. for CpoHipl Og: 7, Biu2D; i, Qib; XN, 19. T2,

DAY ~ o~ e [ y L e s
round: Ty G, iy o1l w0324 oy 10,55

reaction 07 50 1 wf the 0214 in i owl of cLianol ana 7

of 30% hodrogen eroxide at 0 for «re hour rosalred . ioc. O tho 1 a0t

abcorptions.

Reaction of &,2-Linitroadauuntane witk 11vdro oz toroxide,

solution o 50 mz of 2,28-dinitroada .antanc cal § wd af 307 hyars:~. pescride
} )

U~ -

in 10 ml of ethanol was refluxed for one hour. 3.0 and f showed sminl .

v

13,12
h-oxo-S-Lcmoadamantane, comnpared with an avtnentic saxple”™’ 7.
2,6-Dinitrato-9-nitro-9-aza-bichlo(3.3.1}ncnane. o

solution of 100 mi of acetic anhydride and 4.0 g (0.025 mcle) of 2,6-¢i-

hiydroxy-9-azabicyclo(3.3.1)nonanc wus added 0.5 g of solid sodiuam chlericde

and 25 ml of 95% nitric acid. The reaction was exotheruic and oxides of
nitrogen were released for a 20 min period. fThe mixtur-~ 'ms allowed +a

stand for 1€ L and was thea quenched with one liter of water. Tne solid
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which firmed was filtered and recrystullized frun 2thanol-water to yieid

3.0 2 (51%) or 2,6-dinitroxy-9-nitro-9-azaticyciv(3.3. L)nunane, rp 119-120Y¢C,
IR: 3030, 3000, 1eu, .520, 143C, 1310, 12C0; ww: £ 2.25 (8 H), s.u
(L H). The material vas detonated by a mod. .ate hawmer tlow.
Anal. rd § C, ; :
na Calecd for 0“1;3“1;08
Found: €, 35.00; I, 4.50; N, 18.78.

C, 32.88; K, L4.11; i, 19.13.

Z,{-Dinitratc-9-acetoxy-9-arn-ticycelo{(3.3.1)nonunc., A mix-

ture of 150 ml of acetic anhydride, 0.1 g sodium chloride and 20 ml of %C-
1004 nitric acid was stirred for 1 h with cocling. Then 3.0 g (0.5 mole)
of 2,6-dihydroxy-9-azabicyclo(3.3.1)nonane dissolved in 50 ml of acetic
anhydride was addec over 15 nmin, kecping the tenpersture telow SOOC. The
reaction was stirred for one h and was then added to cle liter of water.

The sclid which formed was filtered and recrystallized from ethanol to

vield 9.0 ; (617) of ¢,6-dinitrato-9-acetoxy-o-uzabicyclo(3.3.1)n wnc,
mp 99-10172 (ethanol); 107-109°C (hexane); TR: 3050, 3000, 1620, 1400,
1210; nmr: 2.0 (11 H), %.8 (& 1),

Aual, Caled Ior CpgHiniiOp: ) L1.52; B 5.13; a.1k.53.
Found: C,42.08; K 5.01; I, 1k.07.

2,€ vlncetsto-9-nitre-Y-nzabicyeln(3. 3.1 jnouane.  Couacentreted

sulfuric ao?d (3 ml) was adued dropwise to a solution of 1.0 ¢ (0.0027 mole)
of 2,6-dinitroxy-9-nitro-9-azibicyclo(3.3.1)nonune in 30 -1l of acetie
anyndride at 2°C and the solution was allowed to warm to :OOC. After one
hour, the sulution was poured into 500 ml of ice und water and the colid
which fermed was filtered. Recrystallization from ethanol yielded 0.67 g
(75%) of &,6-diacetoxy-9-nitro-9-azabicyclo(3.3.1)nonane , np 152-153°C;

IR: 3050, 1720, 1520, 1420, 1360; nar: 4 2.05 (14 H), 4.9 (4 1); 'V
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e 052 (€ 28k0).

Anni. Culed for Cyplyelev, @ 0, LO05 K, .08 N, .50,
Found: 2, L0.16; H, C.26; N, 9.84,

2,€-bihrdrony -9-nitro-J-nzucia, 1102, 2. L) nunane. 4 £olu-

tion of 3.0 i (0.015 wole) of &,6-diacctoxy- f-nitro-G-uzaticyelo(3. 5. 1!
ncpene in 50 il of metianol and 1 ol of concentrated aquesus hydroch.oric
acid solutlon waz retluxed for 2 h and the wotiansl was cv.porated. The
resicue wag extractoa «itih 3) .l of wator wnd 50 ml of ether. The etler
lay2r was separated and che product was preciuvinated froa the etler wit!
30 =l of aexane.  The solid tlaue cltulaed was recrystallized Troa ethanol
to yield 1.1 5 (330 of &,t-dibydroxy-9-nitro- t-uzabicycelo(3. 5. 1)nonne,
mp 143-145°C; IR:  3h00, 3050, 1520, 1430, 1320; nwr £ 2.0 (3H), 4.7

N A . vy S vy N S ~ lir
Anad.  Cated for gy NG leposn; 1, €935 N, 13.6C,
- l.

Found: ¢, &7.5€; H, 7.01; L, 13.97
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